Cholescintigraphy has traditionally been used as a tool to select patients with biliary pain for elective cholecystectomy. However, atypical biliary pain presents a clinical challenge and there is no literature evaluating the factors of the gallbladder (GB) wall related to abnormal ejection fraction of cholescintigraphy in such patients. Therefore, we aimed to evaluate characteristics of the GB wall in patients with abnormal gallbladder ejection fraction (GBEF) on cholescintigraphy and atypical biliary pain. Patients who underwent cholescintigraphy for atypical biliary pain and subsequent cholecystectomy were initially recruited for this study. Medical records and pathologic findings of these patients were retrospectively reviewed. Parameters that were significant on univariate analysis, including factors of GB wall and cholescintigraphy, were subsequently tested by multivariate analysis to identify independent predictors for abnormal GBEF. Abnormal or low GBEF was defined as GBEF <35%. A total of 41 adult patients were divided into a low GBEF (n = 15) and a high GBEF group (n = 26) based on the cutoff value of 35%. In univariate analysis mean muscle thickness, muscle to total layer ratio, and muscle to fibrosis layer ratio were significantly higher in the low GBEF group than in the high GBEF group. In multivariate analysis, the muscle to fibrosis layer ratio was found to be an independent risk factor for abnormal GBEF (odds ratio = 3.514, 95% confidence interval = 1.058-11.673, P = .04). The fibrosis to total layer ratio was negatively correlated with GBEF in the low GBEF group (r = À0.657, P < .01). Muscle to fibrosis layer ratio was significantly associated with decreased GBEF. The fibrosis thickness ratio also seems to play an important role in patients with decreased GBEF.
Introduction
Verifying abdominal pain caused by biliary origin is very difficult and atypical biliary pain presents an even more challenging problem. In clinical practice, deciding therapeutic and diagnostic strategies for atypical biliary pain often presents problems. Cholescintigraphy is one of the principal imaging techniques for detecting cystic duct obstruction and provides information on hepatic function and bile duct patency as well as gallbladder (GB) contractility. The nonvisualization of GB with associated normal biliary to bowel transit is suggestive of acute cholecystitis. [1] Among the measurements acquired by cholescintigraphy, the gallbladder ejection fraction (GBEF) is useful in assessing GB function. However, although cholescintigraphy has been used as a tool to select patients with biliary pain for elective cholecystectomy and most studies report the utility of GBEF in predicting symptom outcome after cholecystectomy in patients with suspected chronic acalculous GB dysfunction, this remains a controversial issue. [2] Several reports have suggested that a low GBEF is predictive of histologic chronic cholecystitis in patients with chronic acalculous GB disease. [3] [4] [5] [6] Although some studies reported on the correlation between GBEF and histopathologic changes, [7, 8] the definite pathophysiology of low GBEF is not fully understood. In particular, the factors affecting an abnormal GBEF in a situation with mild chronic cholecystitis have not been fully evaluated. Furthermore, there is no literature on the evaluation of GB wall factors related to abnormal GBEF. Therefore, the purpose of this study was to evaluate GB wall factors associated with abnormal GBEF in patients with atypical biliary pain.
Patients and methods

Study population
Between April 2009 and April 2013, patients who underwent cholescintigraphy for atypical biliary pain and subsequent cholecystectomy at Kyung Hee University Hospital at Gangdong in Seoul, Korea, were initially recruited for this study and medical records and histopathologic findings of these patients were retrospectively reviewed. Atypical biliary pain was defined as cases where the suspicious biliary pain did not fully meet the ROME II criteria; episodes of severe steady pain located in the epigastrium and right upper quadrant; and all of the following: episodes lasting 30 minutes or more; symptoms occurring on at least 1 occasion in the previous 12 months; steady pain that interrupts daily activities or requires consultation with a physician; no evidence of structural abnormalities to explain the symptoms; and abnormal GB function with regard to emptying. [9] Patients meeting any of the following criteria were excluded from the study: abnormal radiologic findings of GB such as acute cholecystitis; elevated hepatic enzymes; nonvisualization of GB on cholescintigraphy; insufficient specimen due to tangential section of GB; regular use of prokinetics or antispasmodics; and insufficient medical records. Written informed consent was obtained from each subject and in accordance with the Declaration of Helsinki (1989) of the World Medical Association (KHNMC IRB2015-01-009).
Histopathology: measuring gallbladder muscle layer thickness
The gall bladder was fixed in formalin, embedded in paraffin, and 5-mm sections were sliced perpendicularly to the GB wall to give a donut-shaped slice with full wall circumference that was stained with Masson trichrome staining for microscopic examination of the fibrosis layer. An investigator who was blinded to clinical data performed section processing and analysis. Forty magnification fields were analyzed per section. Figure 1 shows a typical example of the microscopic features. Total wall thickness was defined as the thickness between the lamina propria and subserosal fat layer. The total layer, consisting of muscle and fibrosis, was measured at 5 different sites sliced in the most vertical plane and the mean value was calculated from these measurements. The muscle layer and the fibrosis layer were expressed as percentages of the thickness of the total wall layer. The muscle to fibrosis ratio was calculated as the thickness of the muscle layer divided by the thickness of the fibrosis layer. One pathologist who blinded to all clinical information examined the histologic sections. The reviewer also scored the intensity of inflammation from 0 to 3 (0: absent; 1: mild; 2: moderate; 3: severe) according to the degree of inflammatory cell infiltration.
Cholescintigraphy: image acquisition
All patients underwent Tc-99m mebrofenin cholescintigraphy after a minimum of 4 to 6 hours of fasting. The patients received 185 MBq of Tc-99m mebrofenin intravenously while lying supine under a large-field gamma camera fitted with a low-energy, all-purpose, parallel-hole collimator (Forte, Phillips, Milpitas, CA). Data acquisition was carried out in 2 phases. A quantitative biliary dynamic technique was used in the first phase for the measurement of relative hepatic bile flow. [10] Anterior dynamic images of the abdomen were acquired at 1 frame/min for 60 minutes in a 64 Â 64 matrix. After completion of the first phase, anterior static images of the abdomen were acquired for 5 minutes every 30 minutes for 1.5 hours. [11] All patients were given 2 fried eggs with 200 mL of milk at the time when the GB was distended, which was usually at 1.5 hours. Static images were then acquired at 30 minutes after ingestion to record the response to fatty meal stimulation. Delayed images were acquired until 4 hours, when GB activity was not visible.
Cholescintigraphy: image analysis
A time-activity curve was generated for the liver and GB for the entire 60 minutes of the first phase of data acquisition. The region of interest (ROI) for the liver was drawn manually using the images of the previous 30 minutes to exclude any GB activity or bile duct activity. The ROI for the GB was drawn using images acquired when the GB activity was the most widely visualized. Tmax (½) of hepatic clearance, derived from the time-activity curve for the liver was defined as the time (min) during which the maximum hepatic uptake decreased by 50%. The filling rate of the GB, derived from the time-activity curve for the GB, was defined as the change in GB activity according to time (Fig. 2) . The region of interest (ROI) curve. A, The ROI for the liver was drawn manually using the images of the previous 30 minutes to exclude any gallbladder (GB) activity or bile duct activity. B, The ROI for the GB was drawn using images acquired when the GB activity was the most widely visualized.
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Medicine GBEF was calculated from the GB counts obtained from the immediate pre-meal data and the postmeal data ( Fig. 3 ) using the formula: GBEF (%) = [(premeal GB counts) -(postmeal GB counts)]/(premeal GB counts) Â 100. Abnormal or low GBEF was defined as GBEF <35%. [12] All cholescintigraphy data were interpreted by 1 expert in nuclear medicine who was blinded to the clinical manifestation of the patients. Normal hepatic uptake was defined as concentration of the tracer in the liver with none in the cardiac blood pool at 5 minutes. Normal common bile duct (CBD) activity was defined as activity normally seen in the CBD within 30 minutes. Timely duodenal activity was defined as appearance of activity in the bowel within 60 minutes. Delayed GB filling was defined as lack of GB activity within 60 minutes. [1, 13] Duodenogastric reflux was defined as retrograde movement of radioactivity from the duodenum into the stomach.
Statistical analysis
The primary outcome was to determine factors associated with abnormal GBEF. For numerical variables, the results are expressed as the mean± standard deviation. Qualitative variables are shown as percentages. For intergroup comparisons, continuous variables were analyzedusingtheStudentttestorunivariateanalysis,andcategorical variables were analyzed using the x 2 test. We computed odds ratio (OR) and 95% confidence interval (95% CI) using logistic regression analysis. Variables with a P value <.05 on univariate analysis were subsequently included in a multivariate logistic regression analysis to identify independent predictors for abnormal GBEF on cholescintigraphy. A P value <.05 was considered statistically significant. Spearman correlation analysis was performed for correlation of the GBEF with the degree of GB wall fibrosis. Statistical analysis was carried out using SPSS 13.0 (SPSS, Chicago, IL).
Results
Baseline characteristics of the study population
In total, 60 adult patients underwent both cholescintigraphy and cholecystectomy. Nineteen patients were excluded from analysis for the following reasons: nonvisualization of GB (n = 16), tangential section of GB (n = 1), or elevated liver enzymes (n = 2). Therefore, 41 patients were ultimately enrolled in this study and were divided into a low GBEF group (n = 15) and a high GBEF group (n = 26) according to the cutoff value of 35% (Fig. 4) . Table 1 summarizes baseline characteristics of the low GBEF group and high GBEF group. The mean age of the study groups was 44.7± 7.7 years in the low GBEF group and 49.1± 13.5 years in the high GBEF group (P = 0.195). There was no significant difference between the low GBEF group and high GBEF group in other variables, including sex ratio, diabetes mellitus, hypertension, body mass index, body temperature, white blood cell count, total bilirubin, aspartate aminotransferase, alanine transaminase, alkaline phosphatase, gamma-glutamyl transpeptidase, or presence of gallstone.
Comparison of histopathology
A baseline underlying histopathologic feature of all participants was mild chronic cholecystitis (score 1). Mean muscle thickness (521.7 ± 259.8 vs 366.8 ± 185.3, P = .03), mean muscle to total layer ratio (0.54 ± 0.12 vs 0.45 ± 0.13, P = .03), and mean muscle to fibrosis ratio (1.35 ± 0.72 vs 0.92 ± 0.49, P = .02) were significantly higher in the low GBEF group than in the high GBEF group (Table 2) .
Comparison of hepatobiliary scintigraphy
We further investigated the characteristics of cholescintigraphy including Tmax (½) of hepatic clearance, filling rate of GB, normal hepatic uptake, timely duodenal activity, delayed GB filling, normal CBD activity, duodenogastric reflux, and delayed biliary bowel transit time according to the GBEF cutoff value of 35%. However, no significant differences in these characteristics of cholescintigraphy were found between the 2 groups (Table 3) . Figure 5 shows multivariate analysis of the risk factors for lower GBEF. To determine which GB wall factors were independent predictors of low GBEF, we performed logistic regression analysis adjusted for age, sex, the presence of gallstone, muscle thickness, muscle to total layer ratio, and fibrosis to total layer ratio. Muscle to fibrosis layer ratio was found to be an independent risk factor of low GBEF (OR = 3.514, 95% CI = 1.058-11.673, P = .04). Figure 6 shows the correlation between fibrosis to total layer ratio and GBEF for each group. Fibrosis to total layer ratio was negatively correlated with GBEF in the low GBEF group (r = À0.657, P < .01).
Association between gallbladder wall histopathology and lower gallbladder ejection fraction
Discussion
To the best of our knowledge, this is the first study investigating the association between histopathologic features of the GB wall and cholescintigraphy in patients with atypical biliary pain. We found that the muscle to fibrosis layer ratio of the GB was significantly higher in the low GBEF group than in the high GBEF group. Furthermore, the muscle to fibrosis layer ratio of the GB was a significant independent factor determining low GBEF on cholescintigraphy in patients with atypical biliary pain. There are several reports of an association between cholescintigraphy and histopathologic features. Gründel et al [14] studied the relationship between GB motility and viscosity, and found that the motility of the GB was unrelated to the viscosity of GB bile. They concluded that mucin in bile does not directly influence GB motility and suggested that chronic inflammation of the GB wall was associated with both impaired motility of the GB and increased mucin release into GB bile. Nakano et al [8] evaluated whether GBEF was able to predict pathology for symptomatic cholelithiasis. The GBEF ranged from 18% to 84% for the 4 patients with pathologic grade 1 disease (minimal inflammation) and from 0 to 46% for the 16 patients with pathologic grade 2 disease. For the 2 patients with ALP = alkaline phosphatase, ALT = alanine transaminase, AST = aspartate aminotransferase, BMI = body mass index, DM = diabetes mellitus, GGT = gamma-glutamyltranspeptidase, HTN = hypertension, WBC = white blood cells. Table 2 Histopathologic characteristics of the gallbladder wall layer according to gallbladder ejection fraction groups. Table 3 Cholescintigraphy findings for the 2 gallbladder ejection fraction groups. .61 CBD = common bile duct, GB = gall bladder, Tmax ½ = time taken for 50% clearance. Figure 5 . Muscle to fibrosis layer ratio for gallbladder ejection fraction (GBEF) <35% vs GBEF ≥35%. Multivariate analysis was adjusted for age, sex, gallstone, muscle thickness, muscle to total layer ratio, and fibrosis to total layer ratio. CI = confidence interval, EF = ejection fraction.
Lim et al. Medicine (2017) 96:51 Medicine pathologic grade 3, the GBEF was 22% and 24%, respectively. There was a greater difference in average GBEF between patients with low-and intermediate-grade GB specimens (50% vs 12%) than between those with intermediate-and high-grade specimens (12% vs 23%). However, they did not find any significant correlation between GBEF and pathologic grade. In their retrospective study, DeCamp et al [15] suggested that there was no significant correlation between the severity of histopathologic change and GB emptying in acalculous chronic cholecystitis. In our study, the degree of chronic inflammation was very mild and was not significantly different between the low GBEF group and high GBEF group; therefore, inflammation seemed to have very little influence on GBEF. However, the muscle to fibrosis layer ratio of the GB was significantly associated with a lower GBEF suggesting that the muscular component might be a major factor determining abnormal GBEF.
The mechanism underlying this association is unknown and further studies on this topic are required. However, there are several possible explanations for the link between GB muscular component and GBEF. It is possible that inflammation causes smooth muscle hypertrophy and the muscle hypertrophy is just a reflection of chronic inflammation. Blennerhassett et al [16] found that severe hypertrophy and hyperplasia of smooth muscle cells of rat small intestine are associated with inflammation. GB muscular hypertrophy might play an important role in decreasing the contractile activity of smooth muscle similar to the decreased cardiac ejection fraction in patients with cardiac muscular hypertrophy. In addition, muscarinic receptor activity or subtype might be altered by smooth muscle hypertrophy. [17, 18] Muscarinic receptors seem to play an important role in the contractility of GB smooth muscle [19] and changes in activity or subtype of muscarinic receptors as a result of smooth muscle hypertrophy might be involved in the decreased contractility of GB smooth muscle.
As shown in Figure 6 , there was a negative correlation between the fibrosis thickness ratio and GBEF in the low GBEF group. This negative correlation is consistent with the relationship between myocardial fibrosis and systolic function in hypertrophic cardiomyopathy with disease progression, [20] although a significant correlation between fibrosis thickness ratio and GBEF in the high GBEF group was not found. These findings imply that although the muscle to fibrosis layer ratio of the GB is the principal factor determining low GBEF in the early stage of disease, the fibrosis portion might have a significant effect on the degree of GBEF in the later stage of disease progression with abnormal GBEF.
Some studies have shown that cholecystectomy is useful in patients with biliary-like pain when the GBEF is reduced. [21, 22] In contrast, 1 meta-analysis did not indicate a value of GBEF for predicting outcome after cholecystectomy in patients with recurrent abdominal pain suggestive of biliary disease without abnormal findings by conventional diagnostic tests. [23] We could not analyze symptom improvement after cholecystectomy in patients with atypical biliary pain and reduced GBEF because of insufficient medical records.
There are several limitations to the current study. First, this study was retrospective and could have been affected by the typical limitations of such an investigational design. Second, this is a single-center study involving a relatively small study population. Third, as this study focused on the association between GB wall and GBEF, we could not determine the influence of GB wall morphology on abnormal GBEF and define the mechanism by which GB muscular or fibrosis factor affects the development of abnormal GBEF. However, our findings highlight the need for subsequent studies.
Conclusion
This study was the first evaluation of the association between histopathologic features of the GB wall and cholescintigraphy in patients with atypical biliary pain and found a meaningful relationship between 2 GB wall factors and abnormal GBEF: The muscle to fibrosis layer ratio of the GB is associated with abnormal GBEF of less of 35% on cholescintigraphy in patients with atypical biliary pain and mild chronic cholecystitis, whereas the fibrosis thickness ratio also seems to play an important role in Figure 6 . Correlation between fibrosis to total layer ratio and gallbladder ejection fraction (GBEF). Correlation between fibrosis to total layer ratio and GBEF in the GBEF <35 group (A) and the GBEF ≥ 35 group (B).
Lim et al. Medicine (2017) 96:51 www.md-journal.com decreasing GBEF, but only in the later stage of disease progression with abnormal GBEF. On the basis of these results, we believe that further prospective studies on the direct association between muscular hypertrophy of the GB and abnormal GBEF on cholescintigraphy are warranted to elucidate the mechanism underlying this association.
